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Episodic Events 
 
Mass Mortalities  
Causes: temperature anomalies (heat 
waves) and higher sea surface 
temperatures. 
 
Temperature anomalies (heat waves) and 
higher sea surface temperatures have 
severely impacted entire shallow coastal 
ecosystems, causing the elimination of 
sensitive species as well as mass 
mortalities (Boero et al. 2008). 
 
Two major well-documented multispecies 
mass mortality events impacted the NW 
Mediterranean after the summer heat 
waves of 1999 and 2003 (Cerrano et al. 
2000; Perez et al. 2000; Garrabou et al. 
2001, 2009; Coma et al. 2009; Crisci et al. 
2011).  They affected many long-lived 
structural invertebrates (Fig. 28.2) over 
several hundred kilometres of coastline in 
this area. 
Fig. 28.2   The scleractinian coral Cladocora caespitosa is one of the long-
lived structural invertebrates affected by mass mortalities after heat 
waves (Author: D.K. Kersting) 
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Fig. 28.3   The lush and colorful coralligenous community has been 
affected in recent times by mass mortality events of some of its main 
structural species (Author: J.C. Calvín) 
Causes: temperature anomalies (heat 
waves) and higher sea surface 
temperatures. 
 
Structural species provide biogenic 
structure, so other species not directly 
affected by the mass mortalities could also 
indirectly suffer the impact through 
modification of habitat conditions 
(Garrabou et al. 2009). 
 
The lush coralligenous community (Fig. 
28.3) has also been affected in recent 
times by mass mortality events of some of 
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The three common littoral Mediterranean sea urchins 
(Paracentrotus lividus, Arbacia lixula and Sphaerechinus 
granularis) have been sometimes involved in local mass 
mortalities (Miller 1985, obs, pers.), possibly linked to 















Riccio di prateria  
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The bivalve Spondylus gaederopus 
(Fig. 28.4) suffered widespread 
mortality in the 1981–1983 summers 
(Meinesz and Mercier 1983). 
Because there were no temperature 
anomalies during these summers 
Meinesz and Mercier (1983) 
hypothesised a viral, bacterial or 
fungal infection.  
Fig. 28.4   The bivalve Spondylus gaederopus suffered widespread mortality in the 
1981–1983 summers (Author: D.K. Kersting) 
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Predicted  global  warming  leading  to  long-lasting  hot summer periods, represent a major threat to the 
survival of benthic invertebrates in the temperate NW Mediterranean Sea due to potential disease 
outbreaks associated with Vibrio pathogens (Vezzulli et al. 2010).  
 
Bacteria belonging to the genus Vibrio are of particular concern as they constitute a considerable part of 
marine bacterial populations, are strongly thermodependent and are often associated marine animals’ 
diseases, including diseases of several benthic organisms, such as corals and bivalves. 
 
With predicted further warming of sea surface temperatures over the coming century, the severity of 
disease in invertebrate populations in the NW Mediterranean Sea is likely to increase, placing further 
pressure on the health of this marine ecosystem. 
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Available evidence suggests a suite of human activities might act separately or synergistically to  
result in outbreaks of some jellyfish species. Of these human activities, overfishing, 
eutrophication and global warming seem to play a role in increasing jellyfish blooms, 
particularly in coastal areas. 
 
The results are that the energy that previously went into production of fish in the pelagic 
ecosystem may be switched over to the production of Cnidaria and Ctenophora. 
Cnidaria Ctenophora 
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Jellyfish and fish interact both as predators and competitors of each other. 
 
Many fish species compete for the same zooplankton prey as jellyfish. 
 
Some fish are predators of jellyfish. 
 
Jellyfish also predate on fish larvae and eggs. 
 
Modern commercial fishing removes predators and competitors of jellyfish with increasing 
efficiency, enabling many gelatinous zooplancton species to proliferate (Sabatés et al. 2010). 
 
Furthermore, warming of the sea surface accelerate medusae growth in many species. 
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Jellyfish have a suite of successful attributes 
that enable them to survive in disturbed 
marine ecosystems, such as broad diet, fast 
growth rates, the capacity to fragment and 
regenerate, and the ability to tolerate hypoxia 
(Richardson et al. 2009). These are 
characteristic of opportunistic species that 
give jellyfish advantages over  fish  in  
environments  stressed  by global change. 
 
In the last decades there has been a marked 
increase in the frequency and extent of 
jellyfish outbreaks in the whole 
Mediterranean Sea. 
 
The scyphomedusa Pelagia noctiluca have 
been especially noteworthy because the 
medusae sting and the summer blooms are 
highly harmful to summer bathers. Pelagia 
noctiluca is an opportunistic predator that 
consumes a wide variety of prey, but more 
than 10 % of which are fish larvae (Sabatés et 
al. 2010). 
A bloom of the purple jellyfish (Pelagia noctiluca) in the 
Mediterranean Sea, May 2007.  
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Episodic Events 
 
Harmful Algae Blooms  
Harmful algae blooms are another emerging phenomenon causing health and economic 
concern, especially in tourist areas. 
 
The term ‘harmful algal blooms’ (HABs) covers a heterogeneous set of events that share two 
characteristics: they are caused by microalgae (mainly dinoflagellates) and they have a negative 











dinoflagellates; Pyrrophycophyta Algal bloom by Noctiluca spp. 
(Pyrrophycophyta, Dinophyceae, 
Noctilucales, Noctilucaceae)  
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Episodic Events 
 
Harmful Algae Blooms  
 
HABs have usually been associated with nutrients derived from anthropogenic activities. 
 
These blooms may be dangerous for human health and deleterious for the commercial 
exploitation of coastal areas. 
 
Environmental damage, health problems, such as allergic reactions, have important social 
implications and can prevent the use of coastal waters for recreational purposes, causing 
evident economic damage. 
News,  October 18, 2017: http://www.star2.com/living/2017/10/18/global-warming-effects-
food-environment/  
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Episodic Events 
 
Harmful Algae Blooms  
Ostreopsis ovata has bloomed in the Mediterranean region in recent years, with increasing 
frequency, intensity, and distribution (both in western and eastern coasts of the 






• Durante una fioritura l’elevata densità cellulare e 
l’essudazione di sostanza organica da parte di 
questa specie microalgale, creano una rete 
mucillaginosa che ingloba numerosi altri 
microorganismi. La rete mucillaginosa rossiccia–
brunastra si sviluppa avvolgendo come una 
ragnatela le macroalghe, ciottoli, rocce e qualsiasi 
superficie sommersa. Numerose bollicine di gas si 
sviluppano all’interno di questa matrice a causa sia 
dell’intensa attività fotosintetica delle cellule 
microalgali, sia dell'attività metabolica della 
comunità batterica che si instaura all’interno del 
flocculi mucillaginosi (ARPA FVG, 2016, Un'alga da 
conoscere. http://www.arpa.fvg.it. Visitato il 
17/08/2016) 
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Episodic Events 
 
Harmful Algae Blooms  
The genus Alexandrium is the group of 
dinoflagellates which causes most HABs, and A. 
taylori is one of the harmful species. It is 
known that blooms of this species have 
occurred in the northern Mediterranean 
beaches since the 1980s (Basterretxea et al. 
2005). This dinoflagellate is a non toxin-
producing organism but a high-biomass bloom-
former that provokes greenish-brown 
coloration of the water during the summer 
months in protected pocket beaches causing an 
evident water deterioration. 
Algal bloom by Alexandrium taylori (Pyrrophycophyta, 
Dinophyceae, Gonyaulacales, Goniodomataceae)  
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Episodic Events 
 
Proliferation of Mucilages 
The production of mucilaginous aggregates is a well-known phenomenon in seawater occurring 
during intensive blooms of phytoplanktonic taxa (Metaxatos et al. 2003). 
 
Mucilage is made of expolymeric compounds with highly colloidal properties that are released 
by marine organisms. 
 
The dominant components of the algal mucilaginous material are exudates composed by 
polysaccharides, making the bulk of mucous biomass. 
 
Mucilages heavily affect marine ecosystems, mainly when the massive development of 
aggregates covers large areas of rocky substrate, suffocating benthic biocoenoses. 
 
The proliferation of mucilages has increased almost exponentially in the last decades, spreading 
to most regions of the Mediterranean basin. 
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Episodic Events 
 
Proliferation of Mucilages 
Nutrients are one of  the main causes of the hyperproduction of exudates.  
 
Mucilage represents a symptomatic response of the Mediterranean ecosystem to anthropogenic impacts 
and additionally, a potentially expanding  carrier of viruses and bacteria, including pathogenic forms that are 
harmful to the health of human and marine organisms. 
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Global Ongoing Changes and Predicted Trends 
 
Climatic models predict that the Mediterranean basin will be one of the regions most affected 
by the ongoing warming trend and by an increase in extreme events (Lejeusne et al. 2010). 
 
Since climate change interacts synergically with many other disturbances, there are reasons to 
believe that the Mediterranean is one of the most impacted seas in the world. 
 
An overview of ongoing changes in the Mediterranean Sea is summarized below: 
- Physico-chemical trends 
° Temperature increase and higher frequency of short-term extreme events. Increase of heat 
waves, storm frequency and changes in wind speed and direction. 
° Decline  of  water  transparency  (increase  in  water turbidity). 
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Global Ongoing Changes and Predicted Trends 
 
Climatic models predict that the Mediterranean basin will be one of the regions most affected 
by the ongoing warming trend and by an increase in extreme events (Lejeusne et al. 2010). 
 
Since climate change interacts synergically with many other disturbances, there are reasons to 
believe that the Mediterranean is one of the most impacted seas in the world. 
 
An overview of ongoing changes in the Mediterranean Sea is summarized below: 
- Physico-chemical trends 
° Appearance of areas of hypoxia. Emergence and spread of anoxic zones. 
° Increase of nutrient concentrations. 
° Progressive acidification and decrease of the carbonate ion concentration  (CO32-). 
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Global Ongoing Changes and Predicted Trends 
 
Climatic models predict that the Mediterranean basin will be one of the regions most affected 
by the ongoing warming trend and by an increase in extreme events (Lejeusne et al. 2010). 
 
Since climate change interacts synergically with many other disturbances, there are reasons to 
believe that the Mediterranean is one of the most impacted seas in the world. 
 
An overview of ongoing changes in the Mediterranean Sea is summarized below: 
- Biological trends 
° Extinction of some rare species. 
° Decline of Posidonia oceanica meadows, fucoid algal beds and many other key species. 
° Replacement of canopy erect algae on shallow rocky shores by turf forming or filamentous 
algae cover and sea urchin barrens. 
° Progressive decline of “cold” stenothermal species, and increasing abundance and range 
extension of thermo-tolerant species. 
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Global Ongoing Changes and Predicted Trends 
 
Climatic models predict that the Mediterranean basin will be one of the regions most affected 
by the ongoing warming trend and by an increase in extreme events (Lejeusne et al. 2010). 
 
Since climate change interacts synergically with many other disturbances, there are reasons to 
believe that the Mediterranean is one of the most impacted seas in the world. 
 
An overview of ongoing changes in the Mediterranean Sea is summarized below: 
- Biological trends 
° “Tropicalization” or “meridionalization” of the biota. 
° Shift from fish to jellyfish (decline of small pelagic fish and increase of gelatinous plankton). 
° Spread of mucilages. 
° Increasing episodes of mass mortalities. 
° Increase in blooms of harmful algae in coastal areas. 
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Global Ongoing Changes and Predicted Trends 
The Mediterranean Sea is undergoing a rapid and dramatic transformation from a temperate 
region to a warmer sea in which many tropical species are becoming established owing largely 
to the human-constructed Suez Canal (Vermeij 2012). This so-called “tropicalization” (Bianchi 
2007) will restore a biogeographical link between the Mediterranean and Indo-West Pacific 
(IWP) that last existed during the Middle Miocene (20 mya). 
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Global Ongoing Changes and Predicted Trends 
The Mediterranean Sea is undergoing a rapid and dramatic transformation from a temperate 
region to a warmer sea in which many tropical species are becoming established owing largely 
to the human-constructed Suez Canal (Vermeij 2012). This so-called “tropicalization” (Bianchi 
2007) will restore a biogeographical link between the Mediterranean and Indo-West Pacific 
(IWP) that last existed during the Middle Miocene (20 mya). 
Future Trends of Mediterranean Biodiversity (III) 
[Templado J., 2014. Future Trends of Mediterranean Biodiversity. In: Goffredo S., Dubinsky Z. 
(eds) The Mediterranean Sea: Its history and present challeges. Springer, Dordrecht, p 479-498] 
Global Ongoing Changes and Predicted Trends 
The Mediterranean Sea is undergoing a rapid and dramatic transformation from a temperate 
region to a warmer sea in which many tropical species are becoming established owing largely 
to the human-constructed Suez Canal (Vermeij 2012). This so-called “tropicalization” (Bianchi 
2007) will restore a biogeographical link between the Mediterranean and Indo-West Pacific 
(IWP) that last existed during the Middle Miocene (20 mya). 
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Global Ongoing Changes and Predicted Trends 
Concurrent expansion of the range of warm-water species and northward contraction of that of 
cold-water species are disrupting the present biogeographic patterns within the basin.  
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What is the Role of Rare Species 
 
Rarity is a common state in the life of most species (commonness of rarity). 
 
A significant proportion of biodiversity at species level is composed of small and inconspicuous 
rare species. 
 
Most communities are composed of  dominant species and a high number of rare species.  
 
Nevertheless, rare species are the neglected component of biodiversity and they are often 
considered as ‘noise’ in ecological studies and ignored (Boero 1994). 
 
Biodiversity conservation focuses mainly on a few charismatic species and disregards what 
represents the bulk of biodiversity: a host of small rare species (Piraino et al. 2002). 
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What is the Role of Rare Species 
 
Rarity is a common state in the life of most species (commonness of rarity). 
 
A significant proportion of biodiversity at species level is composed of small and inconspicuous 
rare species. 
 
Most communities are composed of  dominant species and a high number of rare species.  
 
Nevertheless, rare species are the neglected component of biodiversity and they are often 
considered as ‘noise’ in ecological studies and ignored (Boero 1994). 
 
Biodiversity conservation focuses mainly on a few charismatic species and disregards what 
represents the bulk of biodiversity: a host of small rare species (Piraino et al. 2002). 
“A rare species is a group of organisms that are very 
uncommon, scarce, or infrequently encountered” 
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What is the Role of Rare Species 
 
Rarity is a common state in the life of most species (commonness of rarity). 
 
A significant proportion of biodiversity at species level is composed of small and inconspicuous 
rare species. 
 
Most communities are composed of  dominant species and a high number of rare species.  
 
Nevertheless, rare species are the neglected component of biodiversity and they are often 
considered as ‘noise’ in ecological studies and ignored (Boero 1994). 
 
Biodiversity conservation focuses mainly on a few charismatic species and disregards what 
represents the bulk of biodiversity: a host of small rare species (Piraino et al. 2002). 
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What is the Role of Rare Species 
 
On the contrary, the importance of rare species could be crucial as a reservoir of potential 
diversity and provide the information for the possible future composition of a community after 
changes in environmental conditions. 
 
Boero (1994) argued that very small populations might represent the last representatives of a 
declining species or the first stages of an emerging one, or finally the normal abundance in a 
given time window. 
 
Rare species can be the insurance for the continuation of biological diversity and, at least some 
of them, will take the place of species that are common now. 
 
Therefore, they are particularly important from the point of view of conservation, ecology and 
evolutionary biology (Lim et al. 2012). 
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What is the Role of Rare Species 
 
Ecosystems with more species perform better and have higher resilience (the ability to recover 
after adverse impacts). 
 
Focusing conservation on a few charismatic species is a very biased and incomplete view of the 
problem.  
 
To understand the magnitude of changes that biodiversity is undergoing today, it is necessary to 
know what is happening to rare species. Unfortunately, we only know what is happening to a 
few species of vertebrates and conspicuous invertebrates. 
 
 
Squatina squatina; Chondrichthyes, Squatiniformes, Squatinidae   Oxynotus centrina; Chondrichthyes, 
Squaliformes, Oxynotidae   
Apterichtus caecus; Actinopterygii, 
Anguilliformes, Ophichthidae    
Angelshark Angular 
roughshark 
 European finless eel 
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Is it Possible for Marine Populations and Ecosystems to Recover? 
Recovery often depends on intrinsic factors, such as life-history characteristics, but also on  
extrinsic factors, such as the type and magnitude of disturbance, and the conservation and  
management measures applied to reduce human impacts (Lotze et al. 2011). 
 
Small short lived organisms, such as most invertebrates and algae, have a much higher recovery potential 
than large vertebrates or long-lived, structural invertebrates. 
 
The most obvious drivers of recovery are the reduction of those human impacts that caused the depletion or 
degradation, especially habitat loss, pollution and overexploitation. 
 
Marine Protected Areas (MPAs) are created mainly for the recovery and conservation of marine populations 
and ecosystems. 
 
Marine reserves lead to increases in total abundance, biomass and size of fish within their boundaries and 
adjacent areas, especially for species targeted by fisheries (Guidetti and Sala 2007). 
 
Much has been written about MPAs as exporters of organism biomass and larvae to surrounding areas.  
 
But, if the exported larvae do not find appropriate places to settle outside the MPAs, most larvae exported 
are wasted. 
 
Therefore, although the establishment of MPAs is positive and necessary, it is not enough, and an integrated 
conservation of the entire marine ecosystem as a whole is required. 
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Suggestions 
 
A better knowledge of the basic components of biodiversity is necessary to detect the changes 
that are occurring. 
 
Hence research work in those scientific areas currently unfashionable by funding agencies 
(taxonomy, systematics or biogeography) is necessary. 
 
Regrettably, while biodiversity problems are growing, we are losing expertise in biodiversity 
(Boero 2001; Giangrande 2003, among others), namely those experts able to identify, describe 
and classify species (taxonomists). 
 
Promoting systematic inventories and taxonomy may provide a permanent scientific record for 
documenting patterns of diversity, endemism and alien species across zones, ecosystems and 
habitats, baselines for monitoring programmes and it is essential for identifying and establishing 
conservation priorities (Mikkelsen  and Cracraft 2001). 
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Suggestions 
 
Large scale monitoring programs, and internationally co-ordinated networks of monitoring 
hydrological parameters and networks of MPAs are necessary. These programs would be pivotal 
to quantify trends of changes in habitats and species distribution and unequivocally attribute 
the causes. 
 
To sum up, a number of research needs and suggestions that might be useful in order to deal 
with the loss of biodiversity in the Mediterranean, and its associated negative effects are 
provided below: 
 
° Promote systematic inventories and taxonomy. 
° Make existing information available (especially historic records) on the distribution of both 
warm- and cold-water species at the basin scale. 
° Extend marine monitoring efforts: establish long-term, large scale monitoring programs. 
° Standardize and simplify methodologies for monitoring. 
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Suggestions 
 
Large scale monitoring programs, and internationally co-ordinated networks of monitoring 
hydrological parameters and networks of MPAs are necessary. These programs would be pivotal 
to quantify trends of changes in habitats and species distribution and unequivocally attribute 
the causes. 
 
To sum up, a number of research needs and suggestions that might be useful in order to deal 
with the loss of biodiversity in the Mediterranean, and its associated negative effects are 
provided below: 
 
° Find out the role of rare species in the maintenance of biodiversity and in the functionality 
and resilience of ecosystems. 
° Extend our knowledge on the factors that determine the vulnerability of marine communities 
to climate change. 
 
 
